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The world of web is constantly evolving. Today, we no longer speak of a 
website but of a web application. The growing difficulty of designing web 
applications has given rise to solutions and tools. The framework is one of 
them. Providing a serious framework for development by offering strict 
development rules, as well as generic and out-of-the-box components, PHP 
laravel framework is one of them. This paper aims to present the different 
stages of modeling and development of an enterprise resource planning (ERP) 
system that will be implemented by PHP laravel by defining the main concepts 
involved in this information system modeling and development process. To 
lead and implement the end-to-end development of the said system, we apply 
the model-driven architecture (MDA) approach. This approach is based on 
atlas transformation language (ATL). The result of this paper is an Ecore file, 
a reliable MVC2 web model of e-commerce ERP, which will be the input file 
to generate the aforementioned system code. To validate this approach, we 
implemented a case study. The result of this work is very satisfying. Thus, we 
arrived to generate all necessary elements for this ERP code generation by 


respecting the MVC2 model and the PHP coding. 
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1. INTRODUCTION 

The world of the web is constantly evolving. Today, we no longer speak of a website, as was the case 
before 2000, but of a web application [1]. A web application makes use of a very diverse set of technologies. 
PHP [2], XML [3], web services [4], MySQL and databases [5], authentication, encryption, HTTP, security, 
JavaScript [6], Ajax [7], XHTML [8], and standards are all terms relating to one or more technologies more or 
less different from each other, and which nevertheless interact with each other. The growing difficulty of 
designing web applications has given rise to solutions and tools. The framework is one of them. Providing a 
serious framework for development by offering strict development rules, as well as generic and out-of-the-box 
components, PHP laravel framework [9] is one of them. This framework is written in PHP respecting the 
architecture of model-view-controller (MVC), a language whose adoption continues to grow in business, 
forever more important and strategic projects [1], [9]. 

This paper aims to present the different stages of modeling and development of an information system 
that will be implemented by PHP laravel by defining the main concepts involved in this information system 
modeling and development process. To carry out and complete this work, we adopt the approach by modeling 
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or model-driven architecture (MDA) approach. The central idea of MDA is to develop models, first of analysis 
then of design, until the code, by successive transformations, derivations, and enrichments. In this approach, 
the model is used to represent all layers of an application, including data exchange with source systems, 
application objects and their methods, artificial intelligence (AI) machine learning algorithms [10]-[13], and 
the application's user interface. Each of these layers can also be accessed as microservices. 

The first step of this modeling method based on the MDA approach [14]-[16] starts with the definition 
of the source and target models, then the metamodels conforming to the aforementioned models. Then, we 
define the traceability relationships between platform-independent model (PIM) and platform specific model 
(PSM) metamodels. These traceability relationships will subsequently be translated into transformation rules 
implemented by atlas transformation language (ATL) [15], [17] language. This work results in a PSM model 
represented in XML metadata interchange (XMI) format. For more readability, this model will be represented 
in Ecore format. The aforementioned PSM model will be an input model for generating the code for this 
information system. We validate the result of this work with a case study. 

The remainder of this paper is structured as follows: section 2 provides a description of the working 
strategy and technique. Section 3 presents the PIM source metamodel. The PHP target metamodel is presented 
in section 4. Section 5 discusses the application of transformation rule implementation. Section 6 talks about 
how transformation rules are carried out and discusses the obtained result of these rules. The related work is 
covered in section 7, and the conclusion and discussion of future work are covered in section 8. 


2. WORKING APPROACH AND METHOD 

MDA is an approach, not a method, based on the use of models to ensure the separation of concerns. 
To do this, MDA uses models as productive elements. To actually apply MDA inevitably requires defining a 
method. Such a method, specific to each company, makes it possible to properly apply MDA in the context of 
the company. Today, several companies are in the process of defining their own MDA method. All follow the 
MDA approach but differ in their degree of automation and in the diversity of operations they offer. 

In this paper, we use a relatively simplistic approach, which consists in first defining the computation 
independent model (CIM) and PIMs of the application in the form of a unified modeling language (UML) 
model, then automatically transforming these PIMs into PSMs, applying some modifications to these PSMs to 
complete them (refinement) and automatically generate the code. In this work, the CIM represents the case 
study specification, the PIM represents the metamodel of UML [NV2] class diagram and the PSM represents 
the metamodel of PHP laravel framework. This MDA approach is automated and therefore productive. 
However, it allows for significant gains in productivity. To carry out this work, we used Eclipse [18] while 
exploiting the possibility offered by it which resides in the plugins such as the plugin of ATL language in order 
to implement the PIM into PSM transformation, Ecore for representing the different models, and Acceleo in view 
to implement the PSM into code transformation. 


3. PIM SOURCE METAMODEL 

MDA takes into account that the analysis and design models should be independent of the 
implementation platform, such as .NET, Java, or PHP [Nouvl]. By delaying the integration of the 
implementation details until later in the development process, it is possible to direct the focus of the application 
on its logic rather than on the technology itself. The MDA approach advocates UML as the language to use for 
analysis and design without regard to the actual implementation platforms. This is why the models are 
designated as PIM in the MDA approach. 

Figure | displays the different metaclasses that comprise the PIM's source metamodel (UML class 
diagram), these metaclasses are identified by the label UML class diagram. These metaclasses follow the 
following order: 

— UMLPackage: indicates the concept of a UML package. 

— Class: symbolizes the concept of class in the UML context. 

— Classifier: it provides information about the UML class and data type. 

— Attribute: defines the concept of properties or references in the context of UML class. 

— Operation: indicates a methodology in the UML context. 

— Parameter: it represents the parameters and properties of the method. 

—  PrimitiveDataType: the description of primitive type theory (boolean, char, byte, short, int, long, float, 
and double) is explained. 

— Association: it depicts the concept of association in the context of the UML class diagram. This is a 
partnership between two or more metaclasses. 
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+isAggregation: Boolean 


Figure 1. An excerpt of UML class diagram metamodel 


PHP TARGET METAMODEL 
Once the analysis and design models have been made, the code generation work can begin. This phase, 


the most delicate of the MDA, must also use models. It includes the application of technical design patterns. 
According to MDA, code templates make it simple to access an application's code. An analysis or design model 
and a code model differ primarily in that the latter is linked to an execution platform. These code models are 
referred to as PSM in MDA terminology. 


Figure 2 illustrates the different metaclasses that make up the PHP laravel target metamodel. These 


metaclasses and their notions are as follow: 


PhpLaravelPackage: this object symbolizes the idea of a PHP package. 

Models: represents the collection of models in the MVC2 architecture concept. This package contains a 
number of models. 

Model: in the context of MVC2 pattern, it represents the idea of the model class. 

Controllers: in the context of MVC2 architecture, the concept of controllers represents a package 
controller. Its sole purpose is to translate incoming HTTP requests into actions. 

Controller: the Controller class in the MVC2 architecture concept. Incoming HTTP requests are mapped 
to actions by it. 

Views: in the MVC2 architecture concept, this is the view package that gathers together the many Views 
classes. 

View: in the context of MVC2 architecture, it represents the idea of a view class, which is a JSP page. 
Actions: identifies the notion of functions package. 

Function: represents the Action class concept in the PHP laravel framework concept. 

Class: this word represents the idea of a Java class. 

Forms: depicts the package of Form classes. 

Form: it is the idea behind the Form class. It modelizes the idea of Form in the context of MVC2 
architecture. 

HttpRequest: represents the concept of called HTTPServletRequest. 

HttpResponse: represents the notion of HttpServletResponse. 

Router: this idea represents the class Router, which holds the many URLs for views, controllers, and 
models. 
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+packageControllers 


+packageModels 


+controllers 


+routers 


+classes 


+forms 


+input 


+router 


Figure 2. PHP laravel framework metamodel 


IMPLEMENTATION OF TRANSFORMATION RULES 
In the ATL transformation language, the generation of the target model is carried out thanks to the 


specifications of transformation rules. These rules make it possible to match certain elements of the source 
model and to generate from these elements certain elements of the target model. Thus, the specifications of 
transformation rules between the metaclasses of the source and target metamodels is shown in this section. The 
atlas transformation language, a component of the Eclipse model-to-model (M2M) project [18], is then used to 
implement each traceability relationship as a transformation rule. 


5.1. Specification rules between source and target metamodel 


This section presents the traceability relationships between the different metaclasses that make up the 


UMLCD and PHP laravel metamodels. These are the rules that make it possible to transform the model of 
UML class diagram into a PHP laravel model. These rules are listed as follows: 


Each UML package has the capability of generating a PhpLaravelPackage. 

The controller package is made up of a set of actions and models, while the PHP laravel package is 
composed of controllers, models, and views. 

A set of actions and forms packages make up the controller package. 

A set of view classes make up the view package. 

A set of function classes make up the actions package. 

A model can be created by any class. 

Each operation class has the capability to generate a function, form, and view. 
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5.2. Implementation of transformation rules 

In the following section, we present the different rules which transform the UMLCD model into the 
PHP laravel model. These rules are expressed in ATL language. Figure 3 presents the main rules written in 
ATL transformation language. 


rule UMLPackage2PHPPackage{ rule Operation2ViewFunction{ 
from 
a : UMLCD!UML from 
to ¢ : UMLCD! Operation 
out : PHP! PhpLaravelPackage( to 


controllers <- Sequence{cc}, 
models <- Sequence{mm}, 
views <- Sequence{vv} frm : PHP! Function( 
5 name<- c.className+'Action’ 
), 
cc : PHP!Controllers( 
controller <- ¢ frm3 : PHP! Form( 
‘. name<- c.className+'Form® 
)s 
c : PHP!Controller( 
action <- Sequence{act}, frm2 : PHP!View( 
name<- c.className+'View'+'.blade'+".php’ 
form <- Sequence{fo} ; ) 
), rule Class2Model{ 
act : PHP!Actions( 
actiones <- Sequence{thisModule.allMethodDefs from 


->collect(e | thisModule.resolveTemp(e, ‘frm'))} ‘ 
»» 5 


c : UMLCD!Class 


frml : PHP!Model ( 


fo : PHP!Forms( name<- c.name+'Model 


formes <- Sequence{thisModule.allMethodDefs ) 
->collect(e | thisModule.resolveTemp(e, ‘frm3'))} } 
», 


mm ; PHP!Models( 
model <- Sequence{thisModule.allMethodDefClass 
->collect(e | thisModule.resolveTemp(e, ‘frmi'))} 


, 
vv: PHP! Views( 
view <- Sequence{thisModule.allMethodDefs 
->collect(e | thisModule.resolveTemp(e, ‘frm2'))} 


) 


Figure 3. The ATL main rules that transform the UMLCD into PHP laravel 


6. TRANSFORMATION RULES EXECUTION AND DISCUSSION 

The execution process of transformation rules consists of browsing the different transformation rules in 
order to put the relationship between the elements of the source and target metamodel. To validate and exemplify 
our proposition, we present a case study that is a UML class diagram of an e-commerce management system. The 
result of this transformation is an Ecore model. 


6.1. An e-commerce enterprise resource planning (ERP) case study 

In this case study, we consider a UML class diagram of an e-commerce management system. It is an 
online purchase order management system. In this case, we can generate a model which can manage the 
requested online orders which are performed by customers in the case of an e-commerce ERP. Figure 4 shows 
the UML class diagram of an e-commerce ERP. 


6.2. ATL transformation result 

The PSM-generated model contains the different functions, the different forms of each operation 
(Create, Retrieve, Update, Delete, AddToCart, Add, ...), and the different views for implementing an e- 
commerce ERP respecting the MVC2 model. The generated PSM model is shown in Figure 5. In this figure, 
the PSM model is divided into 4 components that are numbered, in Figure 5, (1), (2), (3), and (4). Thus, (1) 
represents the generated package of different functions, (2) shows the generated package of different forms, 
(3) represents the generated package of different views, and (4) represents the generated package of different 
models. Table 1 illustrates together the different aforementioned components of Figure 5 as well as the 
explanation of each number appearing in this figure. The aforementioned Table 1 is as follows: 
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class Class Diagram 


Web User 
hn address: char - - 
login_id: char email: char id: String 


password: char id: char - paid: Date «enumeration» 
name: char -|- total: Real OrderStatus 
- details: String 


phone: char 


create() : void 

Delete() : void jcdoved 
Retrieve() : void unique) 
Update() : void 


+ AddToCart() : void Order 


number: String 
ordered: Date 

id: String ship_to: Address 
billing_address: Address]; . status: OrderStatus 
is_closed: Boolean {ordered} total: Real 


+line_item open: Date {unique} = - 
2 Order() : void 
Create() : void 
Retrieve() : void 
Create() : void Update() : void 
Retrieve() : void Delete() : void 
Update() : void 
Delete() : void 


{ordered} quantity: integer 


unique} 


- price: Price 


11+ Add(): void 


+line_item 


{ordered, 
unique} 


Figure 4. UML class diagram of an e-commerce ERP 


Table 1. Explanation of Figure 5 numbers 


Package number Description 
(1) Represents the generated package of different functions. 
(2) Represents the generated package of different forms. 
(3) Represents the generated package of different views. 
(4) Represents the generated package of different models. 


The PSM model in Figure 5 is made up of three packages. The first package stands for the package of 
controllers, the second for the package of views, and the third for the package of models. A group of actions 
and a group of forms make up the controller package. The actions are expressed by functions like (function 
AddLineltemAction, function AddToCartShoppingCartAction, and function CreateAccountAction). The 
forms package, the second part of the controller package, is made up of a number of forms such (form 
AddLineltemForm, form AddToShoppingCartForm, and form CreateAccountForm). The views package contains a 
number of views, including view AddLineltemView.blade.php, view AddCartToShoppingCartView.blade.php, 
View CreateAccountView.blade.php, and view CreateCustomerView.blade.php. Finally, As an illustration, the 
models package consists of a number of models, such as model AccountModel, model CustomerModel, model 
LineItemModel, and model OrderModel. Figure 5 depicts the previously discussed PSM model. 


6.3. ATL transformation result discussion 

In this work, we obtained the expected result following the MVC2 model. The generated PSM model 
by applying ATL transformation language follows the MVC2 model well. This model contains four packages. 
The first and the second package, which are respectively the actions package and the forms package, are the 
constituents of the controller package while the third represents the views package which contains all the 
Jakarta Server pages (formerly Java ServerPages) (JSP) pages that we will need during the development of our 
ERP. Finally, the fourth package in Figure 5 represents the models package which contains all the model classes 
that we will also need during the automatic complete code generation for this e-commerce ERP. Thus, in this 
work which is an original work carried out for the first time in this article, we managed to generate a complete 
PSM model from the M2M transformation by using the ATL transformation as part of an MDA approach and 
following the MVC2 model well. 
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Figure 5. The generated PSM model of e-commerce ERP 


7. RELATED WORK 

Although model-driven development and M2M transformation applications have received little in the 
way of in-depth study, M2M transformation and diverse contributions to the field continue to be hotly debated 
topics in many resources. The results of the analysis covering a certain subset of M2M transformations that are 
most pertinent to our research are described in the related work section. 

Rhazali et al. [19], the transformation of M2M from the level of a CIM to a PIM is implemented. The 
author offers a method to transform service-oriented business concepts into web-based design models. The 
second work [20] covers the transformation of CIM to PIM as a topic. But in Melouk et al. [20], the authors 
suggest a method for transforming the CIM into the PIM and then the PSM model. This methodology follows 
the guidelines of the MDA approach. In this work, UML models are used to describe PIM levels whereas 
interaction flow modeling language (IFML), an OMG standard for defining web interfaces, is used to represent 
PSM levels. Business process model and notation (BPMN), the object management group (OMG) standard for 
modeling business processes, is used to describe the CIM level. 

Sajji et al. [21], the authors offer a case study of course management in a department, which is depicted 
by a class diagram. The authors use the enterprise architect program to build the code of the classes. In the 
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work of [21], The authors suggest an approach that complies with the standards set forth by MDA and IFML. 
This approach involves the automatic generation of graphical user interfaces (GUI), starting with a business 
process model at the CIM level and progressing through the PSM model using MDA model transformations. 

Plazas et al. [22] introduce STS4IoT, an automatic code generation and UML profile tool for model- 
driven internet of things (IoT). By bridging the boundaries between the worlds of IoT and database design, 
STS4IoT enables the design and implementation of an IoT application using only the necessary data. Both 
various network transformations and the combining of streams from many sources are part of the design of IoT 
data. It also adheres to MDA principles to give abstraction levels tailored to the many roles played during the 
application's construction. 

Alulema et al. [23] offer a meta-model for incorporating IoT data into RESTful cloud services. The 
interoperability of diverse IoT objects and their link to centralized systems are stressed. They represent and put 
into practice numerous network alternatives in this way. However, they fail to take into account the data 
composition or transformation. 

Rahmouni and Mbarki [24], the authors combine the Struts2, Spring IoC, and Hibernate DAO 
frameworks to produce the N-tiers web model. This piece of work's PIM model [24] is a UML class diagram. 
The produced PSM model has every component needed to create an N-tier web application. 

Salemi et al. of English2OCL (En2OCL) [25] offer a paradigm for automatically transforming system 
constraints created by English sentences to OCL specifications. The MDA technique is the foundation of the 
suggested model. The author created the English2OCL application after the Maude model checker verified the 
proposed model's properties. 

Saqib and Azzoni [26] present an approach for test case prioritization (TCP) for model 
transformations. This approach aims to find a test case ordering that maximizes fault detection effectiveness. 
This approach is implemented by a transformation language. This application transformation can generate test 
case orderings from several case studies. 

Ahmad et al. [27], the authors present the model-driven framework approach to make the use of MVC- 
based frameworks in web application development more straightforward. In order to automatically generate 
the implementation of a web application in three predefined MVC-based frameworks, this work's methodology 
is based on the use of the UML profile model and a model-to-text transformation. Cortellessa et al. [28] propose 
an MDA approach in order to carry out a continuous cycle of software engineering in systems based on 
microservices. In the present work, the authors focused on microservices applications deployed on Docker and 
developed with Spring Boot and Spring Cloud. 

However, in the work presented by Arrhioui et al. [29], the authors arrive to generate the CRUD 
applications based on the CodeIgniter PHP framework. In this paper, the authors begin by modeling the 
CodeIgniter PHP framework and then realize the PIM model corresponding to the said framework. Finally, 
they prepare the different templates by Acceleo in order to generate the code of the CRUD applications based 
on Codelgniter PHP. 

Finally, the objective of our paper is to generate The MVC2 web Models from the PHP laravel 
framework by applying the MDA approach-based-ATL transformation. This work follows the same approach 
as the aforementioned works in the part which concerns the PIM to PSM transformation which is the MDA 
approach but the PIM and PSM metamodels are different. In addition, in this paper, the PSM metamodel is 
established for the first time in this work. 


8. CONCLUSION AND FUTURE WORK 

A modeling strategy is necessary for the creation of information system applications since it can 
provide flexible solution design. The strategy must enable the modeling of new capabilities while permitting 
the reuse of present activities. Utilizing automated tools and services, developers can manage and organize 
systems across the company using the MDA approach. 

In this paper, we have adopted the MDA approach to building robust models that are inherently 
capable of handling longer-lived multi-platform technologies and applications. Thus, in this work, we have 
begun by establishing, in the first step, the metamodel of PHP laravel framework. We have also established the 
metamodel of UML class diagram. In the next step, we have implemented the different rules between the 
elements of UMLCD source metamodel and PHP target metamodel. These rules are implemented by ATL 
transformation language. The result of this transformation is an Ecore PSM model. Utilizing a case study of an 
e-commerce ERP, we were able to validate this M2M transformation. The end result of this case study includes 
all the major components that we will need to create a PHP application for an e-commerce ERP. 

The MDA approach is used in this article to build reliable models that can easily manage more robust 
multi-platform technologies and applications. As a result, in the first part of our work, we built the metamodel 
for the PHP laravel framework. The UML class diagram metamodel has also been developed. The last stage 
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involves putting the numerous rules between the PHP target metamodel and the elements of the UMLCD source 
metamodel into practice. These rules are put into practice using the ATL transformation language. The result 
of this transformation is an Ecore PSM model. 

This work's main goal is to automatically generate an e-commerce ERP using the PHP laravel 
framework. However, in order to make this work understandable and easy to understand, we simply 
implemented the first section, which deals with the M2M transformation. In this work, the PSM model has 
been generated and will be utilized as an input model to build the code for this ERP. The following paper will 
focus on the code generation portion of the aforementioned PSM model. 

In future work, we intend to automatically generate an e-commerce ERP web application based on 
the PHP laravel framework from the PSM model already described in this paper. We attempt to create 
additional PSM models from various PIM case studies in order to validate this application. After that, we 
validate this transformation using a technique that has already been accepted in other articles. Similar to this, 
we attempt to model other frameworks like PHP Zend in order to apply MDA approach-based ATL 
transformation to build other PSM models. Then, we contrast the various attributes of the resulting models and 
their uses. The metrics used for this comparison will be clear-cut. So, the requested goal is to evaluate each 
framework's maturity. 
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